Objectives: To analyse the relation between serum glucose concentration and hospital outcome across the whole spectrum of acute coronary syndromes. Methods: This was a prospective cohort study of 2127 patients presenting with acute coronary syndromes. The patients were stratified into quartile groups (Q1 to Q4) defined by serum glucose concentrations of 5.8, 7.2, and 10.0 mmol/l. The relation between quartile group and major in-hospital complications was analysed. Results: The proportion of patients with acute myocardial infarction increased incrementally across the quartile groups, from 21.4% in Q1 to 47.9% in Q4 (p < 0.0001). The trend for frequency of in-hospital major complications was similar, particularly left ventricular failure (LVF) (Q1 6.4%, Q4 25.2%, p < 0.0001) and cardiac death (Q1 0.7%, Q4 6.1%, p < 0.0001). The relations were linear, each glucose quartile increment being associated with an odds ratio of 1.46 (95% confidence interval (CI) 1.27 to 1.70) for LVF and 1.52 (95% CI 1.17 to 1.97) for cardiac death. Although complication rates were higher for a discharge diagnosis of acute myocardial infarction than for unstable angina, there was no evidence that the effects of serum glucose concentration were different for the two groups, there being no significant interaction with discharge diagnosis in the associations between glucose quartile and LVF (p = 0.69) or cardiac death (p = 0.17). Similarly there was no significant interaction with diabetic status in the associations between glucose quartile and LVF (p = 0.08) or cardiac death (p = 0.09). Conclusion: Admission glycaemia stratified patients with acute coronary syndromes according to their risk of in-hospital LVF and cardiac mortality. There was no detectable glycaemic threshold for these adverse effects. The prognostic correlates of admission glycaemia were unaffected by diabetic status and did not differ significantly between patients with acute myocardial infarction and those with unstable angina.
A cute phase hyperglycaemia [1] [2] [3] [4] [5] [6] [7] [8] and diabetes [9] [10] [11] [12] are both associated with adverse outcomes in acute myocardial infarction, with higher reported incidences of congestive heart failure, cardiogenic shock, and death. However, the association between hyperglycaemia and adverse outcomes is not confined to patients with diabetes. A recent meta-analysis reported a more significant association in non-diabetic subjects. 13 The mechanism is not clear, but it is commonly regarded as a response to stress resulting from catecholamine induced glycogenolysis. 14 15 Hyperglycaemia, therefore, is seen as an epiphenomenon that is associated with poor outcomes only because adrenergic stress is closely related to the extent of myocardial injury. 16 The stress hypothesis of acute phase hyperglycaemia has been challenged by the finding that insulin and glucose administration in hyperglycaemic patients with acute myocardial infarction improves outcomes. 17 More recently similar benefits have been confirmed for insulin administration in other critically ill patients. 18 These observations suggest that relative insulin deficiency may be an important mechanism of acute phase hyperglycaemia and of metabolic consequences, including lipolysis, free fatty acid release, and decreased availability of gycolytic substrate for the myocardium, accounting for its associations with adverse outcomes. 19 20 Although acute phase hyperglycaemia is associated with a poor prognosis in acute myocardial infarction, there are no data for less severe coronary syndromes. Moreover, it is not known whether this is a threshold effect in the non-diabetic population or there is a linear association between admission serum glucose concentration and adverse outcomes. These questions are potentially important if they help define for inclusion in future clinical trials those categories of patients who may benefit from insulin administration.
METHODS

Study group
Of 2542 consecutive patients with acute coronary syndromes admitted to three east London hospitals during a two year period from January 2000, admission serum glucose concentrations were available for 2127 (83.7%), who constituted the study group. Patients with a first admission during that period were included if they fulfilled criteria for acute myocardial infarction or Braunwald class 3B unstable angina. Criteria for myocardial infarction were any two of the following: cardiac chest pain lasting at least 30 minutes;> 0.1 mV ST elevation in at least one standard lead or > 0.2 mV ST elevation in two or more contiguous chest leads; or creatine kinase > 400 IU/l (upper limit of reference range 200 IU/l). Criteria for Braunwald class 3B unstable angina were cardiac chest pain at rest within the preceding 48 hours not attributable to myocardial infarction or to non-cardiac causes. 21 Among the 2127 patients, discharge diagnosis was unstable angina in 1255 and myocardial infarction in 872, of whom 221 had non-ST elevation infarction.
Data collection
Baseline clinical characteristics including demographic, clinical, and biochemical data were collected prospectively by a dedicated cardiologist or research nurse and stored on a purpose built electronic database. The admission serum glucose concentrations from blood samples drawn on arrival in the emergency room were recorded. Diabetes was recorded in patients on insulin, oral hypoglycaemic drugs, or dietary restriction. Hypertension was recorded in patients taking antihypertensive drugs. The diagnosis of left ventricular failure (LVF) required there to be symptoms of breathlessness accompanied by physical findings of basal crepitations or a third heart sound and requiring treatment with diuretics. All admission drugs, including β blockers, were recorded.
Within this large cohort, serum glucose concentrations were normally distributed, permitting stratification of the patients into quartile groups defined by values of 5.8, 7.2, and 10.0 mmol/l.
Statistical analysis
Major end points were in-hospital LVF and cardiac death. Heart rate was log transformed before analysis. Differences in continuous variables were tested by analysis of variance for normally or log normally distributed variables and KruskalWallis test for other variables. Differences in categorical variables by quartile of glucose were tested by χ 2 test or Fisher's exact test. To examine whether the associations with glucose were linear, linear contrasts were fitted in the analysis of variance for continuous variables and in logistic regression models for the categorical variables.
The univariate association of glucose with cardiac death was examined using logistic regression models. An interaction term was fitted to assess whether the glucose effect differed by diagnosis. Variables univariately associated with both outcome and glucose were considered for entry in stepwise logistic regression models for cardiac death and LVF. Significance at the 10% level was used as the criterion for entry. In this way we obtained odds ratios relative to the lowest quartile of glucose and independent of possible confounders. Linear trend was tested by fitting quartile of glucose as a continuous variable in the model and by fitting glucose concentration as a continuous variable. A quadratic term was also fitted to look for evidence of curvature.
RESULTS
Admission characteristics
Analysis of baseline characteristics by glucose quartile showed an incremental increase in the frequency of south Asian ethnicity, diabetes, and hypertension across the quartile groups (table 1. Proportions of patients pretreated with angiotensin converting enzyme inhibitors had a similar trend but for β blockers the pattern was reversed.
Severity of myocardial injury and complications
The proportion of patients with acute myocardial infarction increased across the glucose quartile groups, from 21.4% in Q1 to 47.9% in Q4 (p < 0.0001). This was reflected in similar trends for new ST change, Q wave development, and creatine kinase concentrations. Heart rate also increased with quartile group and was significantly correlated with glucose concentration (r = 0.16, p < 0.0001) (table 1). The frequency of major complications increased across the quartile groups, particularly LVF (Q1 6.4%, Q4 25.2%, p < 0.0001) and cardiac death (Q1 0.7%, Q4 6.1%, p < 0.0001). The relations were linear, each glucose quartile increment being associated with an odds ratio of 1.46 (95% confidence interval (CI) 1.27 to 1.70) for LVF and 1.52 (95 CI% 1.17 to 1.97) for cardiac death. No curvature occurred when a quadratic term was fitted to the data (p = 0.45 for LVF, p = 0.82 for cardiac death), ruling out a threshold effect.
Although complication rates were higher for a discharge diagnosis of acute myocardial infarction than for unstable angina, there was no evidence that the effects of serum glucose concentration were different for the two groups (table  2) , there being no significant interaction with discharge diagnosis in the associations between glucose quartile and LVF (p = 0.60) or cardiac death (p = 0.17). Similarly, there was no significant interaction with diabetic status in the associations between glucose quartile and LVF (p = 0.08) or cardiac death (p = 0.09) (table 3).
Independent effects of admission blood glucose on major complications
Variables entered into a stepwise logistic regression model for LVF were age, heart rate, admission diuretic treatment, ST change, systolic blood pressure, and discharge diagnosis. Admission serum glucose concentration retained an independent association with LVF despite adjustment for these factors, the odds of LVF increasing incrementally across the 
DISCUSSION
This is the largest contemporary study of the prognostic correlates of stress hyperglycaemia in acute coronary syndromes and the first to include patients with unstable angina. The data show that the relation between admission blood glucose and risk of adverse outcomes is graded across quartile groups without any detectable threshold. Importantly, there was no significant interaction with discharge diagnosis in the associations between glycaemia and adverse outcomes, which were similar for patients with unstable angina and acute myocardial infarction. The large number of patients enrolled in this study allowed us to explore the relation between admission glycaemia and outcomes across a broad range of glucose concentrations. We found clear evidence of a linear trend between admission glycaemia and major complications, particularly LVF and cardiac death, without a threshold effect. Even in the lower quartile groups, risk was closely related to blood glucose concentrations near to or within the normal range, and certainly below concentrations for which insulin is usually recommended. 22 Nevertheless, risk was greatest for patients with admission glucose concentrations > 10.0 mmol/l, although within this upper quartile group the relation with adverse outcomes remained linear with no evidence of a critical concentration above which risk increased abruptly.
An important finding in the present study was that the prognostic correlates of admission glycaemia did not differ significantly between patients with acute myocardial infarction and those with unstable angina. This bears comparison with the findings of Savonitto and colleagues, 23 who reported that the prognostic significance of increases in creatine kinase extended across the whole spectrum of acute coronary syndromes and included patients with unstable angina, with event rates beginning to rise for creatine kinase concentrations that were within the normal range. Thus, our own study showed the increasing risk of LVF with glucose quartile applied equally to patients with unstable angina and those with myocardial infarction. Indeed, in multivariate analysis, glycaemia was incrementally associated with LVF across quartile groups independently of admission diagnosis. For cardiac death, the picture was less clear partly because event rates were low, particularly in the group with unstable angina, only seven of whom died. Thus, while the risk of death increased progressively with glucose quartile for patients with acute myocardial infarction, there was no pattern for patients with unstable angina. Nevertheless, our interaction analysis provided no evidence that the effects of admission glycaemia on cardiac death were different for the two groups.
The prognostic correlates of admission glycaemia also applied equally to diabetic and non-diabetic subgroups. In both subgroups, the risk of LVF and cardiac death increased across the glucose quartile groups. This contrasts with the findings of a recent meta-analysis, 13 which found significant associations between admission glycaemia and LVF in non-diabetic but not in diabetic patients. In the same study, associations between admission glycaemia and hospital death were severely attenuated in diabetic patients. The authors suggested that this may reflect difficulty in defining threshold concentrations for hyperglycaemia in diabetic subjects, a difficulty avoided in our own study by analysing relations between glycaemia and outcome across the full distribution of admission glucose concentrations. Of course the distinction between diabetic and non-diabetic patients in studies of this type is not always straightforward and particularly in the upper quartile group diabetes may be have been undiagnosed in an unknown proportion of patients. Nevertheless, our data strongly suggest that relations between admission glycaemia and adverse outcomes were not confined to non-diabetic patients, there being no evidence of significant interaction with diabetic status.
Multivariate analysis of the independent association of admission glycaemia with adverse outcomes showed that the association with LVF was graded and highly significant. However, despite close univariate associations of admission glycaemia with both age and LVF-the major determinants of prognosis in acute coronary syndromes [24] [25] [26] [27] [28] -an independent association with cardiac mortality was not confirmed. This is at variance with some reports 1 but agrees with the findings of those investigators who, as we did, included LVF in the regression model. 4 It is clear, therefore, that the major association of admission glycaemia is with the development of LVF, which, together with age, is the most potent determinant of death in acute coronary syndromes.
Mechanisms of the adverse effects of hyperglycaemia cannot be deduced from our data, although there was a clear association with the extent of myocardial injury. Thus, peak creatine kinase increased incrementally across glucose quartile groups, as did the frequency of acute myocardial infarction and Q wave development, all of which are well recognised markers of injury. Adrenergic stress is itself related to the severity of myocardial injury, 16 and our finding of increasing tachycardia across glucose quartile groups presumably reflects this. Certainly, therefore, our data are consistent with the view that acute phase hyperglycaemia in acute coronary syndromes is a response to adrenergic stress as determined by the extent of myocardial injury, which accounts for its relation with adverse outcomes. As others have argued, however, this does not discount a role for relative insulin deficiency, 13 which would exaggerate glycaemic responses to adrenergic stress and account for the benefits of insulin administration in patients with acute myocardial infarction and other critically ill patients. 18 22 In conclusion, we found that admission glycaemia stratified patients with acute coronary syndromes according to their risk of in-hospital LVF and cardiac mortality. There was no detectable glycaemic threshold for these adverse effects. The prognostic correlates of admission glycaemia were unaffected by diabetic status and did not differ significantly between patients with acute myocardial infarction and those with unstable angina. If relative hyperinsulinaemia contributes to acute phase hyperglycaemia, our data suggest that current recommendations for insulin administration in acute coronary syndromes may be too restrictive.
